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(54) SEALING DEVICE FOR VEHICLE DOORS

(57) Sealing device (10) for vehicle doors (11) having
three main components, an elastic panel (1) made of
plastic foam with a closed-cell structure, a sealing strip
(2) placed along the perimeter of the panel, and fixing
means (3) for connecting the sealing device and the ve-

hicle door ensuring the sealing function of the sealing
device according to a simple way. Optionally the sealing
device can comprise other functional components such
as a loudspeaker, a window regulator, a padding, door
handle, electric wiring or the airbag sensor.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a sealing de-
vice for vehicle doors having three main components, an
elastic panel made of plastic foam with a closed-cell
structure, a sealing strip placed along the perimeter of
the panel, and fixing means for connecting the sealing
device and the vehicle door ensuring the sealing function
of the sealing device according to a simple way.

BACKGROUND OF THE INVENTION

[0002] The vehicle door typically comprises an upper
window frame and a door shell structure having an outer
sheet facing the vehicle exterior joined to an inner sheet
facing the vehicle interior.
[0003] The door shell structure houses several door
functional components such as the window regulator, the
loudspeaker, or the door lock.
[0004] In order to access the interior of the door shell
structure for carrying out the mounting/dismounting op-
erations of said functional components, the inner sheet
comprises one or more access openings.
[0005] In order to avoid the entrance of water and dust
inside the vehicle interior through the door shell, sealing
devices are commonly used for covering the different ac-
cess openings provided in the inner sheet. The sealing
device divides the vehicle door into a wet area and a dry
area.
[0006] The simplest known solution to performance
said division comprises the use of a plastic film covering
the one or more access openings which is fixed along
the whole perimeter of the inner sheet of the door shell
structure.
[0007] The main advantages of this solution are the
low weight and simplicity.
[0008] However due to the lack of self-supporting prop-
erties of the plastic film, it is necessary to fix the plastic
film along the whole perimeter of said film, for example
by an adhesive strip, in order to avoid the entrance of
water since that the sealing device has no consistency
enough to compress itself against the vehicle door.
[0009] Moreover due to the lack of self-supporting
properties, the plastic film is difficult to manipulate during
its mounting process and it does not allow the modular
assembly of the plastic film with other functional compo-
nents such as the window regulator, the electric wiring
or the loudspeaker.
[0010] In order to improve the functionality of the seal-
ing device and its handling, it is known sealing devices
formed by self-supporting panels with a higher rigidity
than a plastic film. Said self-supporting panels in addition
to fulfilling the sealing function, they also perform other
additional functions associated with the vehicle door en-
vironment.
[0011] For the purpose of keeping a reduce weight,

said self-supporting panels have a low density and they
are easily deformable, such as expanded polypropylene
(EPP) or expanded polystyrene (EPS).
[0012] This structure in addition to acting as a wa-
ter/dust barrier, it acts as a thermal and acoustic insula-
tion and a safety element due to the properties of the
plastic foam.
[0013] One known example to illustrate said kind of
sealing devices is DE4337468. This patent discloses a
sealing device formed by an expanded polypropylene
panel that in addition to fulfill the above cited functions,
low weight, insulation and safety, it also acts as a deco-
rative element.
[0014] Others known examples are DE10026100 and
DE19937000. These patents disclose sealing devices
formed by expanded polypropylene or expanded poly-
styrene panel that in addition to fulfill the above cited
functions, low weight, insulation and safety, they also act
as a supporting elements for some of the door functional
components commonly used in vehicle doors such as
the window regulator, the electric wiring or the loudspeak-
er.
[0015] On the other hand, with the objective to enhance
the mounting efficiency of the sealing device, it is desir-
able to use quick assembly fasteners for connecting the
sealing device and the vehicle door.
[0016] One known example disclosing the use of quick
assembly fasteners is EP1179451. This patent discloses
a decorative sealing device formed by expanded poly-
propylene panel that in addition to fulfill the above cited
functions, it comprises quick assembly fasteners for con-
necting the sealing device and the vehicle door, particu-
larly it comprises clips for connecting the sealing device
to the vehicle door.
[0017] Said clips are attached to clip-holders which in
turn are welded to the sealing device.
[0018] This complex way of attaching the clips to the
sealing device it is necessary due to the particular plastic
foam structure with a low rigidity of the sealing device
which it has not enough consistency by itself to support
the clip in use and to ensure its correct operation.
[0019] Therefore the mounting of this kind of quick as-
sembly fasteners involves the use of additional elements
complicating the component, its manufacturing and in-
creasing its cost.
[0020] The role of the fasteners in addition to being
relevant to the mounting operations, it is very important
in order to ensure the sealing function.
[0021] The fasteners should ensure an optimal tension
assembly in order to compress the sealing device against
the door structure enough to avoid even a minimal en-
trance of water or dust.
[0022] Taking the above explained into account, the
clips disclosed in EP1179451 cannot ensure an optimal
tension assembly and therefore cannot ensure the seal-
ing function due to this kind of clips requires that its length
must be larger in order to allow its mounting.
[0023] Thus once the clip is introduced into the hole
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provided in the door structure, it cannot compress
enough the sealing device against said door structure to
ensure the sealing function.
[0024] In view of the disadvantages mentioned above,
the object of the invention is a sealing device for vehicle
doors fulfilling several functions in addition to the sealing
function such as thermal and acoustic insulation and a
safety function, and at the same time it allows a simple
mounting without adding additional components and en-
suring at all times the sealing function.

DESCRIPTION OF THE INVENTION

[0025] The present invention is established and char-
acterised by the independent claim, while the dependent
claims describe additional features thereof.
[0026] Due to the closed-cell structure of the plastic
foam of the panel the sealing device has waterproof prop-
erties. Therefore the sealing device forms a barrier divid-
ing the door shell into a wet area and a dry area in such
a way that it ensures the sealing function.
[0027] Due to the low compressive strength of the plas-
tic foam structure of the panel it has good elasticity prop-
erties. This means that the panel is deformable under
the forces usually applied by the fixing means when the
sealing device reaches the final mounting position on the
vehicle door. It is because the compression exerted by
the fixing means on the panel when the sealing device
is in said final mounting position which in turn allows en-
suring the tension assembly of the fixing means.
[0028] Therefore the elasticity properties of the panel
contribute to the mounting kinematics of the assembly.
[0029] The panel is configured as a self-supporting
panel. Self-supporting in the context of the invention
means that the panel is capable of supporting its own
weight and the weight of the functional components at-
tached to it keeping its shape, during the handling and
mounting operations and once it is mounted on the ve-
hicle door.
[0030] Due to the panel is a self-supporting panel, it
allows an easy handling of the sealing device and it allows
facilitating the assembly of the sealing device on the ve-
hicle door.
[0031] It is because the panel is consistent enough to
ensure the sealing function in spite of having a limited
number of punctual fixing means being capable of com-
pressing the sealing strip against the perimeter of the
main opening of the vehicle door in a continuous manner
along the whole perimeter of the main opening.
[0032] Due to the closed-cell structure of the plastic
foam of the panel it has a low rate of thermal conductivity,
therefore the sealing device is a good thermal insulation
enhancing the energy efficiency of the vehicle.
[0033] Moreover due to the closed-cell structure of the
plastic foam of the panel, the sound does not pass
through the plastic foam structure, therefore the sealing
device is a good acoustic insulation.
[0034] Due to the closed-cell structure of the plastic

foam of the panel in combination with the low compres-
sive strength of the panel, it has a high capacity of ab-
sorbing energy because it is capable to dissipate a high
amount of energy through its cell foam structure.
[0035] As a consequence of this, on the one hand the
sealing device has a good impact resistance improving
the passive safety in the event of side impact. On the
other hand the sealing device is capable of absorbing
the vibrations produced by the functional components
such as the loudspeaker of the electric motor, when they
are in use, improving the acoustical properties of the seal-
ing device.
[0036] Due to the low compressive strength of panel,
it allows a tighten mounting of any functional compo-
nents, such as electric wiring, window regulator, attached
on the panel, preventing in this way the rattle between
the panel and said functional components. It improves
the acoustical behaviour of the whole door.
[0037] On the one hand the special configuration and
collaboration between the fixing means, the panel, and
the sealing strip ensures the sealing function of the seal-
ing device when it is assembled in the vehicle door.
[0038] It is due to the forces exerted by the fixing means
on the panel when it adopts the final mounting position
in combination with the elasticity properties of the panel.
[0039] Such forces result in the compression and the
deformation along the mounting direction of both, the
panel and the sealing strip, against the vehicle door. As
a result of said compression and deformation of the pan-
el, the thickness of the second fixing hole of the panel
before reaching the final mounting position is greater than
the thickness of the second fixing hole after reaching said
final mounting position.
[0040] Therefore, the forces exerted by the fixing
means apart from achieving an optimal tension assembly
of the fixing means against the door structure, they en-
sure the sealing function of both, the whole assembly,
due to the compression of the sealing strip against the
door structure, and the second fixing hole of the panel,
due to the compression of the material around said sec-
ond fixing hole against the door structure.
[0041] On the other hand, due to the fact that the fixing
means are specially configured to be housed in the sec-
ond fixing hole of the panel, such that the retention wing
is placed on a first side of the panel retaining the fixing
means in the mounting direction, and an attaching head
is placed on a second side of the panel, the fixing means
have enough support throughout the thickness of the
panel to perform its retention function between the seal-
ing device and the vehicle door without any additional
reinforcing elements around the area where the fixing
means are mounted even taking into account the high
elasticity of the panel.
[0042] This simplifies the configuration of the sealing
device, its manufacturing process, its assembly on the
door and consequently its cost.
[0043] Optionally, in the case of the fixing means are
a quarter turn clip, the process for connecting the sealing
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device and the door structure is quick and simple.
[0044] This process comprises positioning the sealing
device against the vehicle door, the introduction of the
attaching head of every quarter turn clip through and the
first fixing hole of the vehicle door, and then rotating 90°
every quarter turn clip in order to carry out the connection
between the sealing device and the vehicle door.
[0045] In the optional case in which the diameter of the
second fixing hole of the panel is smaller than the diam-
eter of the cylindrical body of the quarter turn clip housed
inside it, it results in a deformation of the material of the
wall of the hole of the panel in such a way that the cylin-
drical body of the quarter turn clip and the wall of the
second fixing hole of the panel elastically fit together.
[0046] Thus, the second fixing hole of the panel is com-
pletely sealed, both axially and radially, without using ad-
ditional elements.

DESCRIPTION OF THE FIGURES

[0047] The present specification is completed by a set
of figures that illustrate a preferred embodiment and in
no way limit the invention.

Figure 1 shows an explosion view of the assembly
formed by the vehicle door and the sealing device.
Figure 2 shows a front view of the first side of the
sealing device according to a first embodiment of the
invention.
Figure 3 shows a front view of the second side of the
sealing device according to a first embodiment of the
invention.
Figure 4 shows a front view of the first side of the
sealing device according to a second embodiment
of the invention.
Figure 5 shows a front view of the second side of the
sealing device according to a second embodiment
of the invention.
Figure 6A shows a lateral view of the assembly of
figure 1 according to a pre-mounting position of the
sealing device on the door structure.
Figure 6B shows an enlarged detail A corresponding
to figure 6A of the area of the sealing strip.
Figure 7A shows a lateral view of the assembly of
figure 1 according to a final mounting position of the
sealing device on the door structure.
Figure 7B shows an enlarged detail B corresponding
to figure 7A of the area of the sealing strip wherein
it is compressed against the vehicle door.
Figure 8 shows an explosion view of the quarter turn
clip with the different planes orthogonal to the main
axle, the panel, and the vehicle door.
Figure 9 shows the different steps of the mounting
process for connecting the panel and the vehicle
door by the quarter turn clip.
Figure 10 shows a detail view corresponding to a
fixing point of the loudspeaker to the frame.
Figure 11 shows a detail view corresponding to a

fixing point of the window regulator to the vehicle
door.
Figure 12 shows a detail view corresponding to the
housing of the panel for the electric motor.

DETAILED DESCRIPTION OF THE INVENTION

[0048] Figure 1 shows as explosion view of a vehicle
door (11) and the sealing device (10) of the invention.
[0049] The vehicle door (11) comprises an upper win-
dow frame (13) and a door shell structure (12) having an
outer sheet (12.1) facing the vehicle exterior joined to an
inner sheet (12.2) facing the vehicle interior.
[0050] The vehicle door (11) has a main opening (18)
for mounting/dismounting the functional components and
a first fixing hole (14) for connecting the sealing device
(10) with the vehicle door (11).
[0051] Both the main opening (18) and the first fixing
hole (14) are placed in the inner sheet (12.2) of the vehicle
door (11).
[0052] The main opening (18) occupies a large portion
of the surface of the inner sheet (12.2) in order to access
easily to the interior of the door shell structure (12) for
carrying out the mounting/dismounting operations of the
functional components housed inside the door shell
structure (12) such as the window regulator, the loud-
speaker or the door lock.
[0053] The first fixing hole (14) is configured to allow
the connection between the sealing device (10) and the
vehicle door (11) by inserting the fixing means (3) through
it, and then by retaining said fixing means (3) in a final
mounting position. Said first fixing hole (14) has a thick-
ness e3.
[0054] As figure 9 shows, preferably said first fixing
hole (14) is non-circular mounting hole with a length l1
and a width w1. Said first fixing hole (14) allows the re-
tention of the fixing means (3) in the particular case it is
a quarter turn clip (3) described in detail below, when it
is rotated 90°.
[0055] In order to divide the vehicle door (11) into a
wet area W and a dry area D, it is provided a sealing
device (10) covering the main opening (14). It creates a
barrier against water/dust between the wet area W and
the dry area D of the vehicle door (11).
[0056] The sealing device (10) is configured to be
mounted on the vehicle door (11) along a mounting di-
rection F in order to adopt a final mounting position in
which the sealing device (10) and the vehicle door (11)
are connected. In this final mounting position, the sealing
device (10) divides the vehicle door (11) into the wet area
W and the dry area D.
[0057] The mounting direction F is essentially perpen-
dicular to the main surface of the sealing device (10) and
coincides with the direction of the main axle z of the fixing
means (3). As it can be seen in figures 2 and 3, the sealing
device (10) comprises three main components: a panel
(1), a sealing strip (2) and a fixing means (3) for connect-
ing the sealing device (10) and the vehicle door (11) ac-
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cording to a simple way.
[0058] Particularly the panel (1) is configured to cover
the main opening (18) of the vehicle door (11) in order
to contribute to fulfil the sealing function.
[0059] The panel (1) is made of plastic foam with a
closed-cell structure. Particularly the plastic foam closed-
cell structure can be formed by closed-cell foam beads.
[0060] This panel (1) is mainly characterized by having
a high elasticity and a high capacity to absorb energy.
[0061] Particularly the panel (1) has a compressive
strength along the mounting direction F which coincides
with the direction of the thickness of said panel (1), less
than 1000 KPa at 25% strain measured according to
ISO844 and greater than 150 KPa at 25% strain meas-
ured according to ISO844.
[0062] According to the test method corresponding to
ISO844, five 50x50x50 mm cubes are taken and com-
pressed in an axial direction to the faces at a rate of 5
mm/min and at 25% strain. The compressive strength
and corresponding relative deformation obtained are re-
corded.
[0063] It allows that the panel (1) is deformed along
the mounting direction F taking into account the forces
exerted along the mounting direction F by the fixing
means (3) on the panel (1) when the sealing device (10)
is connected with the vehicle door (11) in the final mount-
ing position.
[0064] Therefore the elasticity properties of the panel
(1) contribute to the mounting kinematics of the assem-
bly.
[0065] On the other hand, the panel (1) is characterized
by its self-supporting properties, that is, it is able to sup-
port its own weight and the weight of other components
attached to it keeping its shape, during the handling and
mounting operations, and once it is mounted on the ve-
hicle door.
[0066] According to a preferred embodiment, the panel
(1) has an average density between 40 and 60 kg/m3.
The low density of the panel (1) results in a low weight
panel (1).
[0067] According to a preferred embodiment, the den-
sity of the panel (1) is the same along the direction of the
thickness of said panel (1) in such a way that at any given
point of the panel (1), the density of the core is the same
than the density of the surface of the panel (1). It does
not mean that the density at one point of the panel (1) is
the same than the density at other point, it will depend
on how compressed the material of panel (1) is at each
point.
[0068] This feature contributes to simplify the manu-
facturing process of the panel (1) and consequently to
reduce its cost.
[0069] Some examples for the panel (1) materials can
be EPP (expanded polypropylene) or EPS (expanded
polystyrene).
[0070] According to a preferred embodiment the man-
ufacturing process of the panel (1) comprises the injec-
tion of foam beads, for example EPP foam beads or EPS

foam beads, into a mould. Then pressure and steam heat,
for example by water vapour, are applied in order to ex-
pand and fuse the foam beads into a finished shape ac-
cording to the shape of the mould.
[0071] The panel (1) has a first side (1.1) and a second
side (1.2) opposite to the first side (1.1), which define the
main surfaces of the panel (1). Particularly the first side
(1.1) faces to the vehicle interior, and the second side
(1.2) faces to the vehicle exterior.
[0072] Optionally, the surface corresponding to the
second side (1.2) has a surface finishing (not represent-
ed) wherein the voids existing among surface cells of the
panel (1) are sealed. Said surface finishing can be ob-
tained for example, by a specific treatment of the surface
of the mould in contact with the second side (1.2) of the
panel (1) during its manufacturing process.
[0073] Moreover the panel (1) has a second fixing hole
(1.3) extended through the panel (1) from the first side
(1.1) to the second side (1.2). This second fixing hole
(1.3) houses at least a part of the fixing means (3) as
explained later. The second fixing hole (1.3) has a thick-
ness e1.
[0074] During the mounting process, said second fix-
ing hole (1.3) with the fixing means (3) housed inside it,
is aligned with the first fixing hole (14) of the vehicle door
(11) along the mounting direction F, in order to carry out
the connection between the sealing device (10) and the
vehicle door (11) for adopting the final mounting position.
[0075] The second element which forms part of the
sealing device (10) is the sealing strip (2).
[0076] It is placed along the perimeter of the second
side (1.2) of the panel (1), that is, along the contour of
the panel (1) which is in contact with the perimeter of the
vehicle door (11), and particularly of the inner sheet
(12.2), around the main opening (18) when the sealing
device (10) is connected with the vehicle door (11) ac-
cording to the final mounting position.
[0077] Preferably the sealing strip (2) comprises a hol-
low profile, although other geometries could be possible.
[0078] In order to ensure the compression of the seal-
ing strip (2) is enough to guarantee the sealing function
in the final mounting position and at the same time to
avoid the breaking of the sealing strip (2) due to an ex-
cessive compression, the ratio between the main dimen-
sion m1 of the sealing strip (2) along the mounting direc-
tion F when said sealing strip (2) is not compressed and
the main dimension m2 of the sealing strip (2) along the
mounting direction F when it is not compressed is in the
range between 1.75 and 2.5.
[0079] The sealing strip (2) can be configured as a
closed loop.
[0080] The sealing strip (2) can be integrated with the
panel (1) that is, it can be formed from the same material
and at the same time than the panel (1).
[0081] However preferably, the sealing strip (2) is con-
figured as an additional component applied on the sec-
ond side (1.2) of the panel (1).
[0082] The sealing strip (2) can be applied for example
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by extrusion.
[0083] In this case a junction (not represented) be-
tween the ends of the sealing strip (2) is formed. This
junction is designed to be on the upper part of the panel
(1) wherein there is no risk to stagnant water.
[0084] The sealing strip (2) for example can be made
of thermoplastic elastomer (TPE), and preferably a ther-
moplastic vulcanisates (TPV).
[0085] The last essential component which configures
the sealing device (10) is the fixing means (3). This fixing
means (3) are considered the first fixing means since that
later on the description other different fixing means are
described.
[0086] They are configured to be housed inside the
second fixing hole (1.3) of the panel (1) in order to connect
the sealing device (10) and the vehicle door (11) to adopt
a final mounting position.
[0087] The fixing means (3) comprise a main axle z
extended along the mounting direction F, a retention wing
(3.1) placed on a first side (1.1) of the panel (1) and con-
figured to retain the fixing means (3) in the second fixing
hole (1.3) of the panel (1), due to the interference be-
tween the retention wing (3.1) and the first side (1.1) of
the panel (1) around the second fixing hole (1.3), an at-
taching head (3.4) placed on a second side (1.2) of the
panel (1), and a cylindrical body (3.2) connected to the
retention wing (3.1) and housed in the second fixing hole
(1.3) of the panel (1).
[0088] The sealing device (10) can comprises one or
several fixing means (3) along the contour of the panel
(1) as for example it is shown in figure 1.
[0089] For the purpose of ensuring an appropriate
compression of the sealing strip (2) preferably the fixing
means (3) are located close to the sealing strip (2) and
they are uniformly distributed in order to ensure a ho-
mogenous compression along its length.
[0090] As figure 8 shows, the fixing means (3) can com-
prise a quarter turn clip (3).
[0091] In this particular case, the quarter turn clip (3)
comprises:

• the main axle z,
• the retention wing (3.1) configured to retain the quar-

ter turn clip (3) in the second fixing hole (1.3) of the
panel (1). It is configured to be placed on the first
side (1.1) of the panel (1)

• the cylindrical body (3.2) connected to the retention
wing (3.1) through a first plane p1 orthogonal to the
main axle z. The cylindrical body (3.2) is configured
to be housed inside of the second fixing hole (1.3)
of the panel (1).

[0092] Preferably the cylindrical body (3.2) has a di-
ameter bigger than the diameter of the second fixing hole
(1.3) of the panel (1) in such a way that when the cylin-
drical body (3.2) is inside the second fixing hole (1.3) they
elastically fit together.

• a neck (3.3) connected to the cylindrical body (3.2),
• the attaching head (3.4). It is configured to be placed

on the second side (1.2) of the panel (1) and it is
insertable through the first fixing hole (14) of the ve-
hicle door (1). The attaching head (3.4) is connected
to the neck (3.3). The attaching head (3.4) has a
main body (3.4.1) and two tension ramps (3.4.2)
wherein the tension ramps (3.4.2) comprises a final
mounting edge (3.4.2.1) in a second plane p2 orthog-
onal to the main axle z and parallel to the plane p1,
and a starting mounting edge (3.4.2.2) in a third plane
p3 orthogonal to the main axle z and parallel to the
plane p1.

[0093] As figure 9 shows, the attaching head (3.4) is
configured to adopt two positions, a first position in which
the attaching head (3.4) can pass through the first fixing
hole (14) of the vehicle door (11) and a second position
that coincides with the final mounting position in which
the attached head (3.4) is rotated with respect to the first
position, and in which the attaching head (3.4) is retained
within the first fixing hole (14) of the vehicle door (11).
[0094] In order to the attaching head (3.4) can pass
through the first fixing hole (14), the cross section of the
attaching head has a length l2 and a width w2 smaller
than the corresponding length l1 and width l2 of said first
fixing hole (14), as shown in figure 9.
[0095] In the final mounting position, a portion of the
panel (1) around the second fixing hole (1.3) and the
sealing strip (2) are compressed and deformed along the
mounting direction F against the vehicle door (11) due
to the action of the fixing means (3) in such a way that
the thickness e1 of the second fixing hole (1.3) before
the fixing means (3) adopt the final mounting position is
greater than the thickness e2 of the second fixing hole
(1.3) after the fixing means (3) adopt said final mounting
position.
[0096] In order to achieve this effect according to a
particular case in which the fixing means (3) are a quarter
turn clip (3), the separation distance h1 between the first
plane p1 and the second plane p2 is smaller than the
thickness e1 of the second fixing hole (1.3) as shown in
figure 9.
[0097] As shown figures 4 and 5, in addition to the three
main components (1, 2, 3) described above, the sealing
device (10) optionally can comprise other functional com-
ponents typically mounted on a vehicle door (11) such
as a loudspeaker (5), a window regulator (4), a padding
(16), door handle (not represented), electric wiring (8) or
the airbag sensor (7).
[0098] Some of the functional components mentioned
above need the presence of a frame (19) for supporting
said functional components, that is an element capable
of supporting the efforts produced during the operation
of said functional components. For that, said functional
components are connected to the frame (19) by third at-
tachment means (15).
[0099] The third attachment means (15) can comprise
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for example screws as shown in figure 10.
[0100] The frame (19) is preferably made of plastic ma-
terial designed to support the efforts mentioned above.
[0101] The frame (19) is connected to the panel (1) by
second attachment means (9) and optionally it can also
be connected with the vehicle door (11) in the final mount-
ing position of the assembly by fourth attachment means
(20).
[0102] The second attachment means (9) can com-
prise preferably adhesive but other attaching means
could be possible.
[0103] The fourth attachment means (20) can com-
prise preferably screws but other attaching means could
be possible.
[0104] One example of a functional component which
needs the presence of a frame (19) is the loudspeaker
(5) .
[0105] As figure 10 shows, the loudspeaker (5) is sand-
wiched and compressed between the frame (19) and the
panel (1) and it is directly fixed to the frame (19) by the
third attachment means (15).
[0106] This particular configuration allows the vibra-
tions produced by the loudspeaker (5) during its normal
use being absorbed by the panel (1).
[0107] So this particular configuration is particularly
advantageous because it takes the advantages of the
panel (1), due to its energy absorption capacity, and the
advantages of the frame (19), due to efforts supporting
capacity.
[0108] Other example of a functional component which
needs the presence of a frame (19) as the one described
above, is the electric motor (6) for a window regulator (4) .
[0109] As figure 12 shows, the electric motor (6) is fixed
directly to the frame (19).
[0110] Moreover the panel (1) comprises a cavity (1.4)
configured to house said electric motor (6).
[0111] In this way, once the decorative panel (21) is
mounted on the vehicle door (11), the electric motor (6)
is confined between the cavity (1.4) of the panel (1) and
the decorative panel (21).
[0112] This particular configuration allows mainly two
effects. On the one hand the vibrations produced by the
electric motor (6) during its normal use are absorbed by
the panel (1). On the other hand the sound produced by
the electric motor (6) during its normal use is confined
inside the cavity (1.4) covered by the decorative panel
(21) in such a way that said sound is not perceived by
the occupant of the vehicle.
[0113] Other functional component which can be add-
ed to the sealing device (10) is the window regulator (4).
[0114] As it is represented in figure 11, the window
regulator (4) is fixed to the panel (1) by the second at-
tachment means (9) and optionally can also be fixed to
the door vehicle (11) in the final mounting position of the
assembly by the fourth attachment means (20).
[0115] The second attachment means (9) can com-
prise preferably adhesive but other attaching means
could be possible.

[0116] The fourth attachment means (20) can com-
prise preferably screws but other attaching means could
be possible.
[0117] The window regulator (4) can comprise one rail
(4.1) or two rails (4.1) as figures 4 and 5 show.
[0118] The window regulator (4) can be configured as
a structural supporting element formed by two rails (4.1)
connected each other by reinforced elements (4.2).
Moreover the reinforced elements (4.2) can comprise
supporting portions, as the frame (19), for fixing other
functional components such as an electric motor (6).
[0119] The reinforced elements (4.2) allow distributing
the efforts generated during the window regulator (4)
and/or other functional components operation through
the whole component in order to transmit them to the
vehicle door (11) by for example the fourth fixing means
(20).
[0120] The window regulator (4) can be made of plastic
material reinforced with additional reinforcing means
such as fibrous material, or it can be reinforced by geo-
metrical configurations, such as a ribbed configuration
or an increased thickness thereof along its length, or a
configuration with a cross section providing a greater mo-
ment of inertial along the direction of the efforts generated
by the functional component.
[0121] According to an embodiment of the invention
the frame (19) for fixing the loudspeaker (5) can be
formed as integral part of the window regulator (4).
[0122] According to other embodiment of the invention
the frame (19) for fixing the electric motor (6) can be
formed as integral part of the window regulator (4).
[0123] Thus the window regulator (4) is configured as
an autonomous structural supporting element, that is, as
an element capable of supporting the efforts generated
due to the operation of the window regulator (4) and/or
other functional components.
[0124] Then the efforts supported by the window reg-
ulator (4) are transmitted to the vehicle door (11).
[0125] Said efforts can be transmitted directly to the
vehicle door (11) in the case of the window regulator (4)
is fixed to the vehicle door (11) by the fourth attachment
means (20).
[0126] Said efforts can also be transmitted to the ve-
hicle door (11) indirectly by the panel (1), since the win-
dow regulator (4) is connected to the panel (1) by the
second attachment means (9), and in turn the panel (1)
is fixed to the vehicle door (11) by the fixing means (3).
[0127] The embodiment in which the window regulator
(4) is also fixed to the vehicle door (11) by the fourth fixing
means (20), as it is represented in figure 11, has signif-
icant advantages over the configuration in which the win-
dow regulator (4) is only attached to the panel (1).
[0128] According this particular embodiment on the
one hand the panel (1) is fixed to the vehicle door (11)
by the fixing means (3), and on the other hand the window
regulator (4) is fixed to the vehicle door (11) by the fourth
fixing means (20).
[0129] The fact to separate the fixing means for con-
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necting each component (1, 4) to the vehicle door (11)
allows that:

• The main function of the panel (1), that is the sealing
function, it is particularly controlled due to the fixing
means (3) are specially configured to fulfil this func-
tion due to the tension exerted by them in combina-
tion with the compression and the deformation of the
panel (1).

• The main function of the window regulator (4) in the
particular embodiment in which the functional com-
ponents are connected to it, that is the structural
function (the capacity to support and transmit the
different efforts produced during the operation of the
functional components), it is particularly controlled
due to the fourth fixing means (20) are specially con-
figured to fulfil this function due to they allow trans-
mitting the efforts produced by the different function-
al components in use and the efforts produced during
the operation of the window regulator (4) to the ve-
hicle door (11).

[0130] Therefore according to this configuration both
functions can be combined in a single unit the sealing
device (10) and being independently controlled.
[0131] Additionally the sealing device (10) can com-
prise other functional components such as the interior
pull handle attachments (17) as it is shown in figure 5
and the airbag sensor (7) as it is shown in figure 4.
[0132] Said components (7, 17) can be connected to
the frame (19) or to the window regulator (4) in the case
in which the frame (19) forms an integral part of the win-
dow regulator (4).
[0133] Additionally the sealing device (10) can com-
prises other functional components such as the padding
(16) for passive safety, or the channels (1.5) for housing
the electric wiring (8).
[0134] Said components (16, 1.5) are integrated with
the panel (1).
[0135] Due to the high elasticity of the panel (1) result-
ing in a high capacity of absorbing energy, the panel (1)
allows absorbing the energy produced in the event of a
lateral impact for the occupant protection allowing the
configuration of the padding as an integral part of the
panel (1) as figure 4 shows.
[0136] The padding (16) can be formed by hollow cav-
ities having different shapes.
[0137] In the example shown in the figure 5, the pad-
ding (16) has a honeycomb structure, however the in-
vention is not limited to said specific configuration.
[0138] As shown in figure 4, the panel (1) also com-
prises channels (1.5) for encapsulating tightly the electric
wiring (8) due to the channels comprise several walls for
limiting the movement of the electric wiring (8) in all the
possible directions.
[0139] The configuration of the channels (1.5) avoids
the generation of noises due to the lack of gaps between

the panel (1) and the electric wiring (8).

Claims

1. Sealing device (10) for vehicle doors (11) having a
main opening (18) and a first fixing hole (14), wherein
the sealing device (10) is configured to be mounted
on the vehicle door (11) along a mounting direction
F, wherein the sealing device (10) comprises:

a panel (1) made of plastic foam with a closed-
cell structure and being self-supporting,
the panel (1) is configured to cover the main
opening (18) of the vehicle door (11),
the panel (1) has a compressive strength along
the mounting direction F less than 1000 KPa at
25% strain measured according to ISO844 and
greater than 150 KPa at 25% strain measured
according to ISO844,
the panel (1) having a first side (1.1) and a sec-
ond side (1.2) opposite to the first side (1.1) and
a second fixing hole (1.3) extended through the
panel (1) from the first side (1.1) to the second
side (1.2) and having a thickness e1,
a sealing strip (2) placed along the perimeter of
the second side (1.2) of the panel (1),
characterized in that the sealing device (10)
further comprises
fixing means (3) configured for connecting the
sealing device (10) and the vehicle door (11)
having a main axle z extended along the mount-
ing direction F, a retention wing (3.1) placed on
a first side (1.1) of the panel (1), an attaching
head (3.4) placed on a second side (1.2) of the
panel (1) and a cylindrical body (3.2) connected
to the retention wing (3.1) and housed in the
second fixing hole (1.3) of the panel (1),
wherein said fixing means (3) are configured to
adopt a final mounting position in which the fixing
means (3) connect the sealing device (10) and
the vehicle door (11),
wherein in the final mounting position a portion
of the panel (1) around the second fixing hole
(1.3) and the sealing strip (2) are compressed
and deformed along the mounting direction F
due to the action of the fixing means (3) in such
a way that the thickness e1 of the second fixing
hole (1.3) before the fixing means (3) adopt the
final mounting position is greater than the thick-
ness e2 of the second fixing hole (1.3) after the
fixing means (3) adopt said final mounting posi-
tion.

2. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 wherein the fixing means (3) are
a quarter turn clip (3).
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3. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 2 wherein the quarter turn clip (3)
comprises:

• the main axle z,
• the retention wing (3.1) configured to retain the
quarter turn clip (3) in the second fixing hole (1.3)
of the panel (1) and configured to be placed on
the first side (1.1) of the panel (1),
• the cylindrical body (3.2) is connected to the
retention wing (3.1) through a first plane p1 or-
thogonal to the main axle z,
• a neck (3.3) connected to the cylindrical body
(3.2),
• the attaching head (3.4) is connected to the
neck (3.3) and is insertable through the first fix-
ing hole (14) of the vehicle door (11),

wherein said attaching head (3.4) has a main body
(3.4.1) and two tension ramps (3.4.2) wherein the
tension ramps (3.4.2) comprise a final mounting
edge (3.4.2.1) in a second plane p2 orthogonal to
the main axle z and parallel to the plane p1, and a
starting mounting edge (3.4.2.2) in a third plane p3
orthogonal to the main axle z and parallel to the plane
p1,
and wherein the attaching head (3.4) is configured
to adopt two positions, a first position in which the
attaching head (3.4) is insertable through the first
fixing hole (14) of the vehicle door (11) and a second
position that coincides with the final mounting posi-
tion, in which the attached head (3.4) is retainable
within the first fixing hole (14) of the vehicle door (11)
due to the rotation of the quarter turn clip (3) with
respect to the first position.

4. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 3 wherein the first plane p1 and the
second plane p2 are separated a distance h1 smaller
than the thickness e1 of the second fixing hole (1.3)
of the panel (1).

5. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 wherein cylindrical body (3.2) has
a diameter bigger than the diameter of the second
fixing hole (1.3) of the panel (1) in such a way that
when the cylindrical body (3.2) is inside the second
fixing hole (1.3) they elastically fit together.

6. Sealing device for motor vehicle door according to
claim 1 wherein the panel (1) has an average density
between 40 and 60 kg/m3.

7. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 wherein the density of the panel
(1) at any given point of the panel (1) is the same
along the direction of the thickness of the panel (1)
in such a way that at any given point of the panel (1)

the density of the core is the same than the density
of the surface.

8. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 wherein the plastic foam with a
closed-cell structure of the panel (1) is formed by
closed-cell foam beads.

9. Sealing device for motor vehicle doors according to
claim 1 wherein the panel (1) is made of expanded
polypropylene.

10. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 wherein the second side (1.2) of
the panel (1) has a surface finishing wherein the
voids existing among surface cells of the panel (1)
are sealed.

11. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 wherein the sealing strip (2) forms
a closed loop and has a hollow profile.

12. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 wherein the ratio between the main
dimension of the sealing strip (2) along the mounting
direction F when said sealing strip (2) is not com-
pressed and when said sealing strip (2) is com-
pressed is in the range between 1.75 and 2.5.

13. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 wherein the material sealing strip
(2) is thermoplastic elastomer and wherein the seal-
ing strip (2) is applied by extrusion on the second
side (1.2) of the panel (1).

14. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 comprising a frame (19) for sup-
porting functional components, wherein the frame
(19) is connected with the panel (1).

15. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 14 wherein a loudspeaker (5) in fixed
to the frame (19) in such a way that the panel (1) is
sandwiched compressed between the frame (19)
and the loudspeaker (5) in order to reduce the vibra-
tions produced by the loudspeaker (5).

16. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 comprising window regulator (4)
fixed to the panel (1).

17. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 16 wherein the window regulator (4)
comprises a frame (19) for fixing the electric motor
(6) of the window regulator (4).

18. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 comprising a frame (19) fixed to
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the panel (1) for supporting the loudspeaker (5)
wherein the frame (19) is an integral part of a window
regulator (4) and wherein the panel (1) is sandwiched
and compressed between the frame (19) and the
loudspeaker (5) in order to reduce the vibrations pro-
duced by the loudspeaker (5).

19. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 wherein the panel (1) comprises
a cavity (1.4) configured to house tightly an electric
motor (6) for a window regulator (4) in order to pre-
vent vibrations produced by the electric motor (6) .

20. Sealing device (10) for motor vehicle doors (11) ac-
cording to claim 1 comprising a padding (16) inte-
grated with the panel (1) for absorbing the energy
produced in the event of a lateral impact.
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